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Search for the D∗D¯∗ molecular state Zc(4000) in the reaction B
− → J/ψρ0K−
Yang Zhang,1 En Wang,1, ∗ De-Min Li,1 and Yu-Xiao Li1
1School of Physics and Microelectronics, Zhengzhou University, Zhengzhou, Henan 450001, China
Based on the prediction of a D∗D¯∗ molecular state Zc(4000) with isospin I = 1 in the coupled
channel approach, we suggest to search for this state in the reaction B− → J/ψρ0K−. By taking into
account the final state interactions of J/ψρ and D∗0D¯∗0, and the contribution from the K1(1270)
resonance, we find that the J/ψρ mass distribution shows a peak around 4000 MeV, which could
be associated to the D∗D¯∗ molecular state Zc(4000). Searching for the Zc(4000) in the reaction
B− → J/ψρ0K− is crucial to understand the internal structures of the exotic hadrons, and our
predictions can be tested by the Belle II and LHCb in future.
PACS numbers:
I. INTRODUCTION
In the last decades, a lot of charmonium-like states,
named as X , Y , Z states, were discovered experimen-
tally, which provides a good platform to study the mul-
tiquark dynamics [1–7]. Among various explanations of
the internal structure of these states, hadronic molecule,
analogous to the deuteron, plays an important role since
the predictions of those states can be made with con-
trolled uncertainty [4, 7].
Generally speaking, it is not easy to identify one state
as the hadronic molecular state dynamically generated
from hadron-hadron interactions, since there exists the
possible mixing of various configurations. One way to
unambiguously identify a hadronic molecule or multi-
quark state is the observation of resonances decaying into
a heavy quarkonium plus a meson with nonzero isospin
meson, or plus a light baryon. For instance, the first
charged charmonium-like state, Zc(4430) was reported in
the π−ψ(2S) mass distribution of the B → Kπ−ψ(2S)
by the Belle Collaboration [8, 9], and confirmed by the
LHCb Collaboration seven years later [10]. In 2013, the
Zc(3900) was observed in the π
−J/ψ invariant mass dis-
tribution of the e+e− → π+π−J/ψ by the BESIII and
Belle Collaborations [11, 12]. By now several Zc states
were reported experimentally in different processes [1],
and the hadronic molecules and tetraquark states are
proposed for their internal structures, which opens a new
window for understanding the non-perturbative proper-
ties of QCD.
Searching for more Zc states, especially around the
lowest-lying thresholds DD¯, DD¯∗, and D∗D¯∗, would be
helpful to understand the internal structures of Zc states,
and also the hadron spectroscopy. Recently, one reso-
nance Zc(4000), with D
∗D¯∗ molecule nature and quan-
tum numbers of IG(JPC) = 1−(2++), was predicted in
Ref. [13], where a thorough investigation of the D∗D¯∗
and J/ψρ interactions was performed by considering the
vector exchanges within the local hidden gauge approach.
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The channel J/ψρ is open for the decay, and is respon-
sible for a width of the order of 100 MeV. Due to the
quark components and the isospins of J/ψ and ρ in the
final state, any resonance observed in the J/ψρ channel
would be unambiguously interpreted as an exotic state
Zc, rather than the cc¯ state. A Zc state with mass around
4000 MeV and JP = 2+ was also predicted in the QCD
sum rules [14–16] and the color flux-tube model [17].
The weak decays of heavy mesons and baryons turn out
to be an important tool to identify molecular [3–6, 18–21].
One example is that the analysis of the LHCb measure-
ments about the reaction B → J/ψφK [22] shows the ex-
istence of the X(4160) resonance with the D∗sD¯
∗
s molecu-
lar nature [23], and also provides a natural interpretation
of the quite large width of the X(4140) [22]. In addition,
two D∗D¯∗ molecular states, X(3930) and X(3940), pre-
dicted in the coupled channel approach, where the vector-
vector interactions are described by the Lagrangian of
the hidden gauge formalism [24], are also found to play
an important role in the J/ψω mass distribution of the
reaction B+ → J/ψωK [25]. In this paper, we will in-
vestigate the role of the Zc(4000) in the reaction B
− →
J/ψρ0K−. So far, only the Belle Collaboration has re-
ported the observation of the exclusive decay process
B+ → J/ψK1(1270)+,K1(1270)→ Kππ, and measured
the branching fraction of Br[B+ → J/ψK+1 (1270)] =
(1.80 ± 0.34 ± 0.39) × 10−3 [26]. It also shows that the
clustering nearMpipi ≈Mρ andMKpipi ≈ 1.27 GeV is con-
sistent with expectations forK1(1270)→ Kρ decays [26].
Since the dominant decay channel of the K1(1270) is
ρK [27], it implies that the reaction B− → J/ψρ0K−
is accessible experimentally.
It should be pointed out that the X(3872) was
observed in the decay B± → J/ψK±π+π− by the
Belle, BaBar, CDF, and LHCb Collaborations [28–
33]. However, there has been no significant struc-
ture around 4000 MeV in the J/ψπ+π− mass distribu-
tion of the B± → J/ψK±π+π− [28–33], which implies
that the branching fraction of B± → Zc(4000)K± →
J/ψπ+π−K±, with K± in D-wave, is less than the
one of B± → X(3872)K± → J/ψπ+π−K±, with K±
in P -wave. For the J/ψπ+π− mass distribution, one
of the dominant background sources comes from the
K1(1270), which mainly contributes to the region of
24300 < MJ/ψρ < 4700 MeV if the events of ρ meson
are selected, and we will discuss this issue later. In this
paper, we will show that the more precise measurement of
the J/ψπ+π− mass distribution around 4000 MeV, and
the better understanding of the background, are much
important for checking the existence of the predicted
Zc(4000) state.
This paper is organized as follows. In Sec. II, we will
present the mechanism of the reaction B− → J/ψρ0K−,
the results and the discussions are shown in Sec. III. Fi-
nally, the summary is given in Sec. IV.
II. FORMALISM
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FIG. 1: The microscopic quark level production of the B− de-
cay. (a) The internal emission of the B− → J/ψsu¯ decay and
hadronization of the su¯ through u¯u with vacuum quantum
numbers. (b) The internal emission of the B− → K−cc¯ decay
and hadronization of the cc¯ through q¯q with vacuum quan-
tum numbers. (c) The external emission of the B− → D∗0c¯s
decay and hadronization of the c¯s through q¯q with vacuum
quantum numbers.
In analogy to the Refs. [23, 25], the mechanism of the
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FIG. 2: The mechanisms for the B− → J/ψρ0K− reaction.
(a) the tree diagram, (b) the J/ψρ final state interaction, (c)
the term of the intermediate K1(1270).
reaction B− → J/ψρ0K− at the quark level can be de-
picted in Fig. 1. The b quark first weakly decays into a
c quark and a W− boson, and then the W− boson cou-
ples to a c¯ quark and an s quark. Fig. 1(a) shows the
internal emission, where the c and c¯ go into J/ψ, and
the su¯ component is hadronized with u¯u pair, created
from the vacuum with the quantum numbers of vacuum,
to ρK−. Since the state Zc(4000) couples strongly to
the D∗D¯∗, the D∗D¯∗ system can be produced primarily,
followed by the transition to the final state J/ψρ. Fig-
ure 1(b) shows the internal emission mechanism of the
reaction B− → D∗D¯∗K−, where the c and c¯ hadronize
with the q¯q pair, created from the vacuum, to the final
state D∗D¯∗. Because the isospin of the created q¯q is 0,
which leads to the isospin I = 0 for the D∗D¯∗ system, the
diagram of Fig. 1(b) has no contribution to the reaction
of B− → J/ψρ0K−. In addition, we also have the mech-
anism of external emission as shown in Fig. 1(c), which is
color-favored with respect to the internal emission. Here
the sc¯ component from the W− decay, together with the
u¯u, is hadronized to produce the D¯∗0K−, and the re-
maining cu¯ leads to the D∗0.
The tree level diagrams of the B− → J/ψρ0K− reac-
tion, and the final state interactions of J/ψρ andD∗0D¯∗0,
are shown in Figs. 2(a) and (b), respectively. The tree
level amplitude for the B− → J/ψρ0K− decay in S-wave
can be expressed as,
M(a) = A× ~ǫJ/ψ · ~ǫρ, (1)
where the ~ǫJ/ψ and ~ǫρ are the polarization vectors for the
J/ψ and ρ, respectively, and A stands for the normaliza-
tion factor of the vertex B− → J/ψρ0K−. Note that we
work on the rest frame of the resonance produced, where
3the momenta of the J/ψ and ρ are small with respect to
their masses, thus we neglect the ǫ0 component. This is
actually very accurate for these momenta as can be seen
in Appendix A of Ref. [34]. For the final state interac-
tions of the J/ψρ and D∗D¯∗ final state interaction as
shown in Fig. 2(b), we need the K− in D-wave to match
the angular momentum of the B−, the amplitude is given
by [23, 25],
M(b) = B
|~kave|2
(
GJ/ψρtJ/ψρ,J/ψρ
+3C
1√
2
GD∗D¯∗t
I=1
D∗D¯∗,J/ψρ
)
×
(
~ǫJ/ψ · ~k~ǫρ · ~k −
1
3
|~k|2~ǫJ/ψ · ~ǫρ
)
, (2)
where ~k is the momentum of the K− in the J/ψρ rest
frame, and we include a factor 1/|~kave|2, with |~kave| =
1000 MeV, in order to make the strength B with the
same dimension as A. The factor 1/
√
2 is the Clebsch-
Gordan coefficient for the D∗0D¯∗0 system with isospin
I = 1. In order to explicitly consider the factor 3 relative
to the enhancement of the external emission mechanism
of Fig. 1(c), we write 3C for the weight of the mechanism
relative to D∗0D¯∗0 primary production. We will vary the
value of C around unity, but we can anticipate that it
hardly changes the shape of the distribution obtained.
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FIG. 3: The Dalitz plot of the B− → J/ψρK− reaction.
The bands colored by blue and red correspond to the energy
regions (M − Γ/2,M + Γ/2) of the Zc(4000) and K1(1270)
resonances, respectively. Here we takeMK1 = 1272 MeV and
ΓK1 = 90 MeV for the K1(1270) from the PDG [27], and
MZc = 4000 MeV and ΓZc = 100 MeV for the Zc(4000) from
Ref. [13].
The GJ/ψρ and GD∗D¯∗ are the loop functions, and we
use the dimensional regularization as,
Gi =
1
16pi2
{
αi + ln
m2
1
µ2 +
m2
2
−m2
1
+s
2s ln
m2
2
m2
1
+ p√
s
[
ln(s− (m22 −m21) + 2p
√
s)
+ ln(s+ (m22 −m21) + 2p
√
s)
− ln(−s+ (m22 −m21) + 2p
√
s)
− ln(−s− (m22 −m21) + 2p
√
s)
]}
, (3)
where the subtraction constants α1 = −2.3 and α2 =
−2.6 (i = 1, 2 corresponding to the channels of D∗D¯∗
and J/ψρ), µ = 1000 MeV, same as Ref. [13]. p is the
three-momentum of the mesons D∗ or J/ψ in the rest
frame of D∗D¯∗ or J/ψρ, respectively,
p =
√
(s− (m1 +m2)2)(s− (m1 −m2)2)
2
√
s
, (4)
withm1,2 being the masses of the mesons in the ith chan-
nel.
The transition amplitudes of tJ/ψρ,J/ψρ and t
I=1
D∗D¯∗,J/ψρ
are taken by solving the Bethe-Salpeter equation, as
shown in Eq. (8) of Ref. [13].
In addition, the K−ρ can also undergo the final
state interaction. Ref. [26] has observed the B →
J/ψK1(1270) with Br[B
+ → J/ψK+1 (1270)] = (1.80 ±
0.34± 0.39)× 10−3, and no evidences of other high-mass
kaons are seen. Since the dominant decay channel of the
K1(1270) is ρK (Br[K1(1270)→ ρK] = (42± 6)% [27]),
we expect the resonanceK1(1270) will play an important
role in the ρK− invariant mass distribution, as shown in
Fig. 2(c), and the contributions from the other high-mass
kaons could be safely neglected. Although some theoret-
ical studies show that the K1(1270) has a two-pole struc-
ture [35–37], the contribution from the K1(1270) will not
affect the peak structure of the Zc(4000) in the J/ψρ
invariant mass distribution, according to the Dalitz dia-
gram of the B− → J/ψρ0K− of Fig. 3. For simplicity, we
will include the amplitude for the K1(1270) contribution
with a Breit-Wigner form,
M(c) = A
′ ×M2K1 × ǫJ/ψ · ǫρ
M2inv(Kρ)−M2K1 + iMK1ΓK1
, (5)
with MK1 = 1272 MeV, and ΓK1 = 90 MeV [27]. Now,
we can write the full amplitude for the B− → J/ψρ0K−
4reaction,
M = M(a) +M(b) +M(c)
= A× ~ǫJ/ψ · ~ǫρ ×[
1 +
βM2K1
M2inv(Kρ)−M2K1 + iMK1ΓK1
]
+
B
|~kave|2
(
GJ/ψρtJ/ψρ,J/ψρ +
3C√
2
GD∗D¯∗t
I=1
D∗D¯∗,J/ψρ
)
×
(
~ǫJ/ψ · ~k~ǫρ · ~k −
1
3
|~k|2~ǫJ/ψ · ~ǫρ
)
= A× ~ǫJ/ψ · ~ǫρ ×
[
t(a) + t(c)
]
+
B
|~kave|2
(
~ǫJ/ψ · ~k~ǫρ · ~k −
1
3
|~k|2~ǫJ/ψ · ~ǫρ
)
× t(b),
= A× ~ǫJ/ψ · ~ǫρ × tS
+
B
|~kave|2
(
~ǫJ/ψ · ~k~ǫρ · ~k −
1
3
|~k|2~ǫJ/ψ · ~ǫρ
)
× tD, (6)
where we define the terms from the S and D wave as,
tS = t(a) + t(c)
= 1 +
βM2K1
M2inv(Kρ)−M2K1 + iMK1ΓK1
(7)
tD = t(b)
= GJ/ψρtJ/ψρ,J/ψρ +
3C√
2
GD∗D¯∗t
I=1
D∗D¯∗,J/ψρ,
(8)
with β = A′/A standing for the relative weight of the
contribution from the K1(1270) resonance.
With the above amplitudes, the mass distribution of
the decay width is given as,
dΓ2
dM2J/ψρdM
2
ρK
=
1
(2π)3
1
32M3B−
∑
|M|2. (9)
Since the ~ǫJ/ψ · ~ǫρ and
(
~ǫJ/ψ · ~k~ǫρ · ~k − 13 |~k|2~ǫJ/ψ · ~ǫρ
)
structures filter spin 0 and 2 respectively, they do not
interfere when one sums over polarizations of all final
states. Thus, the mass distribution can be rewritten by
summing M over the final state polarizations,
dΓ2
dM2J/ψρdM
2
ρK
=
1
(2π)3
A2
32M3B−
×
(
3|tS |2 + 2B
2
3A2
|~k|4
|~kave|4
|tD|2
)
.
(10)
III. RESULTS
In this section, we will show our results with the above
formalisms. First we present the modulus squared of
the transition amplitudes |T11|2 for D∗D¯∗ → D∗D¯∗ and
|T12|2 for D∗D¯∗ → J/ψρ in Fig. 4, where one can see a
peak around 4000 MeV, corresponding to the resonance
Zc(4000) predicted in Ref. [13].
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FIG. 4: Modulus squared of the transition amplitudes for
D∗D¯∗ → D∗D¯∗ (the curve labeled as |T11|2) and D∗D¯∗ →
J/ψρ (the curve labeled as |T12|2).
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FIG. 5: The J/ψρ mass distribution of the B− → J/ψρ0K−
reaction. The curves labeled as ‘Zc(4000)’, ‘K1(1270)’, and
‘tree’, correspond to the contributions of the J/ψρ and
D∗0D¯∗0 final state interactions (Fig. 2(b)), the K1(1270) res-
onance (Fig. 2(c)), and the tree diagram (Fig. 2(a)), respec-
tively. The ‘Total’ curve shows the results of the full model.
Before showing the mass distributions of the B− →
J/ψρ0K− reaction, we need to choose the values of the
free parameters of our model. In addition to the arbi-
trary normalization A of Eq. (10), we have three pa-
rameters, 1), β, the weight of the contribution from the
K1(1270) resonance, 2), B, the weight of the contribu-
tion from the J/ψρ and D∗0D¯∗0 final state interactions,
and 3), C, the weight of D∗0D¯∗0 primary production, as
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FIG. 6: The J/ψρ mass distribution of the B− → J/ψρ0K−
reaction. The curves labeled as ‘Total’ and ‘Zc(4000)’ are the
same as the ones of Fig. 5, the curve labeled as ‘D-wave’ shows
the contributions from the tree diagram and the J/ψρ and
D∗0D¯∗0 final state interactions, with K− in D-wave, and the
‘Total∗’ curve is the total results by including the contribution
of the tree diagram with K− in D-wave.
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FIG. 7: The ρK− mass distribution of the B− → J/ψρ0K−
reaction. The explanations of the curves are same as those of
Fig. 5.
shown in Eq. (6). We choose β = 0.5 in order to give
a sizable contribution from the K1(1270) resonance, and
C = 1. Although we do not know the exact value of the
B/A, one can expect that B has a similar strength as A,
since the primary production weight of the J/ψρ, shown
in Fig. 2(b), is the same as that of the tree diagram of
Fig. 2(a),
Up to the arbitrary normalization A, we calculate the
J/ψρ and ρK− mass distributions with B/A = 1, as
shown in Figs. 5 and 7, respectively. For the J/ψρ
mass distribution, one can see a significant peak struc-
ture around 4000 MeV, which is associated to the D∗D¯∗
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FIG. 8: The J/ψρ mass distribution of the B− → J/ψρ0K−
reaction for different values of β.
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FIG. 9: The J/ψρ mass distribution of the B− → J/ψρ0K−
reaction for different values of B.
molecular state Zc(4000). The contributions from the
tree diagram of Fig. 2(a) and the resonance K1(1270)
have little effect on the peak position. For the ρK−
mass distribution, Fig. 7 shows a narrow peak close to
the ρK− threshold, corresponding to the K1(1270) reso-
nance, which is compatible with the Kρ distribution re-
ported by the Belle Collaboration [26]. Here we only con-
sider the contribution from the tree diagram of Fig. 2(a)
in S-wave, but the tree diagram with K− in D-wave also
has contribution, which can be taken into account by re-
placing the tD = t(b) by tD = 1 + +t(b) in Eq. (8). In
Fig. 6, we can find the results including the contribution
from the tree diagram with K− in D-wave is much small
and can be safely neglected, by comparing the curve la-
beled as ‘Total∗’ to the one of ‘Total’. For simplicity, we
will neglect the contribution from the tree diagram with
K− in D-wave in following calculations.
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FIG. 10: The J/ψρ mass distribution of the B− → J/ψρ0K−
reaction, (a) for positive values of C, and (b) for negative
values of C.
Next, we will show the J/ψρ mass distributions by
varying the values of the three parameters. In Fig. 8,
we present the J/ψρ mass distributions with β =
0.3, 0.5, 0.8. From Fig. 8, we can conclude that contri-
bution from the K1(1270) resonance does not modify
the peak position of the Zc(4000) resonance markedly,
and the peak structure is still clear even with a very
large contribution from the K1(1270) resonance, because
that the narrow peak structure of the K1(1270) almost
does not contribute to the J/ψρ mass distribution in the
3900 ∼ 4100 MeV region, as shown in Fig. 3.
The J/ψρ mass distributions with the different values
B/A = 0.5, 1.0, 1.5 are shown in Fig. 9. While the back-
ground contributions of the Figs. 2(a) and (c) become
larger, the peak structure of the Zc(4000) will be weaker.
Indeed, the ratio of B/A can not be determined with the
present experimental information. Of course, whether
one can find the signal of the Zc(4000) depends on the
background, or the ratio of B/A. It should be pointed
out that the weight of the tree diagram [Fig. 2(a)] is the
same as the J/ψρ final state interaction [Fig.2(b)], which
implies that B and A should be in the same order of
the magnitude if the contribution from the K1(1270) is
removed. Indeed, the K1(1270) mainly contributes to
the region of MJ/ψρ > 4200 MeV, far away from the
peak position of the Zc(4000), and the contribution from
the K1(1270) could be easily removed with a cut on the
ρK− invariant mass (for instance, remove the events of
MρK− < 1400 MeV). Thus, even if the B/A is small, one
can expect to find a peak around 4000 MeV with respect
to the flat distribution from the background, by removing
the contribution of the K1(1270).
The parameter 3C, corresponding to the relative
weight of the external emission mechanism [Fig. 1(c)]
with respect to the internal emission mechanism
[Fig. 1(a)], should be around 3, since we take the number
of the colors Nc = 3. We show the J/ψρ mass distribu-
tions with C = 0.8, 1.0, 1.2 in Fig. 10(a). One can see
that the signals of the Zc(4000) are always clear for the
different values of 3C around 3. In addition, the Nc scal-
ing tell only the relative strength of the absolute values,
and the relative sign between Fig. 1(a) and Fig. 1(c) is
not fixed. Thus, we present the J/ψρ mass distributions
with C = −0.8,−1.0,−1.2 in Fig. 10(b), where we can
find the signal of the Zc(4000) is a little weaker, but still
very clear.
IV. SUMMARY
In this work, we have studied the reaction of
B− → J/ψρ0K−, considering the D∗D¯∗ molecular state
Zc(4000) which couples to the J/ψρ channel as well as
the contribution from the K1(1270) resonance. The final
state interactions of the J/ψρ and D∗0D¯∗0 with isospin
I = 1 are taken from the local hidden gauge approach.
Our results show that the J/ψρ mass distribution has
a peak structure, which can be associated to the D∗D¯∗
molecular state Zc(4000). On the other hand, one can
find a narrow peak structure close to the ρK− thresh-
old in the ρK− mass distribution, which corresponds
to the K1(1270) resonance. The contribution from the
K1(1270) resonance does not affect the peak position of
the Zc(4000). As mentioned in the introduction, any res-
onance found in the J/ψρ mass distribution would be
unambiguously interpreted as an exotic state, therefore
we encourage our experimental colleagues to search for
the Zc(4000) state in the reaction B
− → J/ψρ0K−.
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